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REFORMING APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 The present invention relates to a fuel reforming apparatus 

that- simultaneously achieves a steam reforming reaction to 
produce hydrogen from a hydrocarbon and steam and a partial 
oxidation reaction to produce hydrogen from a hydrocarbon and 
an oxidizer and uses heat generated by the partial oxidation 
10 reaction that is an exothermic reaction to cover heat for the 
steam reforming reaction that is an endothermic reaction. 

2. Description of the Related Art 

An example of a methanol reforming apparatus for a fuel 
cell is disclosed in Japanese Unexamined Patent Publication No. 

;|5 11-092102. An object of this apparatus is to spatially equalize 
a temperature distribution in a fuel cell reforming apparatus. 
The sixth and seventh embodiments of the disclosure temporally 
change an oxidizer feeding position with respect to a catalyst, 

□ to prevent a local temperature increase in the catalyst due to 

igO a continuous localized oxidation reaction, promote an internal 
oxidation reaction, and shorten a startup time. 

This prior art intentionally prevents a localized oxidation 
reaction, which is an exothermic reaction, and spatially 

'1 disperses heat produced by the oxidation reaction. Accordingly, 

25 the prior art needs a large amount of fuel and time to increase 
the temperature of a catalyst to an activation level, and therefore, 
is incapable of shortening a startup time. 

If a part of a catalyst is heated to an activation temperature 
on startup, the surface of the catalyst starts a chemical reaction 

30 to generate heat, which causes a chain reaction of heating the 
periphery of the heated part of the catalyst, thereby promoting 
reactions. Therefore, to shorten a startup time, it is necessary 
to quickly heat, even locally, a catalyst to an activation 
temperature. The prior art, however, pays no attention to this 

35 point. 



SUMMARY OF THE INVENTION 

An object of the present invention is to provide a fuel 
reforming apparatus capable of quickly heating a catalyst to 
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an activation temperature and shortening a startup time. 

In order to accomplish the object, a first aspect of the 
present invention provides a fuel reforming apparatus that 
supplies, on startup, a hydrocarbon fuel and an oxidizer upstream 
5 from a second catalyst and supplies steam upstream from a first 
catalyst. As a result, the second catalyst starts a rapid 
oxidation reaction to produce a high-temperature gas, which 
quickly heats the first catalyst that is downstream of the second 
catalyst. At the same time, carbon monoxide (CO) produced on 

10 the second catalyst reaches the first catalyst and reacts (a 
shift reaction which is an exothermic reaction) with steam on 
the first catalyst to promote the heating of the first catalyst. 
At this time, carbon monoxide produced on the second catalyst 
is purified into carbon dioxide through a shift reaction on the 

15 first catalyst. 

;-= To change the startup operation (or an accelerating 

~! operation) to a steady operation after a predetermined period, 
;_= the apparatus supplies the hydrocarbon fuel and steam upstream 
-=-= from the second catalyst and supplies the oxidizer upstream from 
"20 the first catalyst. As a result, a steam reforming reaction, 
q which is an endothermic reaction, occurs on the second catalyst, 
to rapidly cool the second catalyst and stop reactions on the 
12 second catalyst. The hydrocarbon fuel and steam passed through 
rg- the second catalyst without reactions cause a partial oxidation 
--25 reaction and steam reforming reaction on the first catalyst that 
is downstream of the second catalyst, to generate a hydrogen-rich 
reformed gas. 

With these processes, the fuel reforming apparatus of the 
first aspect shortens a startup time, minimizes the poisoning 
30 of a fuel cell arranged downstream of the fuel reforming apparatus, 
and suppresses the generation of by-products that may deteriorate 
the quality of emissions. 

A second aspect of the present invention uses a temperature 
measured around the first catalyst as a parameter to determine 
35 whether or not a startup operation or an accelerating operation 
must be changed to a steady operation. This smoothly changes 
a startup operation or an accelerating operation to a steady 
operation while suppressing the generation of by-products. 

A third aspect of the present invention employs an 
40 integrated material feeder for each of the first and second 
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catalysts, to feed an oxidizer and steam to the catalysts. This 
aspect simplifies the structure of the fuel reforming apparatus. 

A fourth aspect of the present invention applies the fuel 
reforming apparatus of the present invention to a fuel cell system 
5 using methanol as a fuel. 

A fifth aspect of the present invention employs an oxidation 
catalyst, which is commonly available, to improve the durability 
of the fuel reforming apparatus and reduce the cost thereof. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a sectional view showing a fuel reforming 
apparatus according to a first embodiment of the present 
invention; 

Fig. 2 is a flowchart showing a control operation according 
n§5 to the first embodiment; 

Fig. 3A shows temporal changes in the flows of oxidizer 
and steam according to the first embodiment; 

Fig. 3B shows temporal changes in the temperature of a 
catalyst (2) according to the first embodiment; 
20 Fig. 3C shows temporal changes in the temperature of a 

catalyst (1) according to the first embodiment; 

Fig. 4 is a sectional view showing a fuel reforming apparatus 
according to a second embodiment of the present inventions- 
Fig. 5 is a flowchart showing a control operation according 
25 to the second embodiment; 

Fig. 6A shows temporal changes in the flows of oxidizer 
and steam according to the second embodiment; 

Fig. 6B shows temporal changes in the temperature of a 
catalyst (2) according to the second embodiment; 
30 Fig. 6C shows temporal changes in the temperature of a 

catalyst (1) according to the second embodiment; 

Fig . 7 is a sectional view showing a fuel reforming apparatus 
according to a third embodiment of the present invention; 

Fig . 8 is a sectional view showing a fuel reforming apparatus 
35 according to a fourth embodiment of the present invention; 

Fig. 9 is a sectional view showing a fuel reforming apparatus 
according to a fifth embodiment of the present invention; 

Fig. 10 is a sectional view showing a fuel reforming 
apparatus according to a sixth embodiment of the present 
40 invention; 
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Fig. 11 is a flowchart showing a control operation according 
to the sixth embodiment ; 

Fig. 12A shows temporal changes in the flows of oxidizer 
and steam according to the sixth embodiment; 
5 Fig. 12B shows temporal changes in the temperature of a 

catalyst (2) according to the sixth embodiment; and 

Fig. 12C shows temporal changes in the temperature of a 
catalyst (1) according to the sixth embodiment. 

10 DESCRIPTION OF THE PREFERRED EMBODIMENT 

First embodiment 

Figure 1 is a sectional view showing a fuel reforming 
apparatus according to the first embodiment of the present 
q invention. A catalyst (1) 1 with a support promotes a steam 
=±5 reforming reaction and a partial oxidation reaction mainly in 
a steady operation. The catalyst (1) 1 is, for example, a 
J:;; copper-based catalyst or a palladium-based catalyst and is 
iU densely arranged without a gap in a downstream area of a reactor 
casing 14. A catalyst (2) 2 with a support promotes a partial 
,=20 oxidation reaction mainly in a startup operation or in a transient 
|==J (accelerating) operation under increasing load. The 
^ catalyst (2) 2 is, for example, a copper-based catalyst, a 
f palladium-based catalyst, or an oxidation catalyst and is densely 
□ arranged without a gap on the upstream side of the catalyst (1) 
; "2 5 1. A fuel feeder 3 receives a hydrocarbon fuel such as methanol 
from a fuel source (not shown) and sprays or injects the fuel 
toward the catalyst (2) 2 that is downstream of the fuel feeder 
3 . The fuel feeder 3 is positioned upstream from the catalyst (2) 
2 and is fitted to the casing 14. 
30 An oxidizer feeder (1) 4 receives an oxidizer from an 

oxidizer source (not shown) and distributes the oxidizer as 
uniformly as possible into a gas passage formed between the 
catalyst (1)1 and the catalyst (2 ) 2 in the casing 14 . The oxidizer 
feeder (1) 4 is fitted to the casing 14. An oxidizer feeder (2) 
35 5 receives the oxidizer from the oxidizer source (not shown) 
and distributes the oxidizer as uniformly as possible into a 
gas passage formed on the upstream side of the catalyst (2) 2 
in the casing 14 . The oxidizer feeder (2 ) 5 is fitted to the casing 
14. An oxidizer control valve 6 switches the oxidizer supplied 
40 from the oxidizer source (not shown) to any one of the oxidizer 
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feeders (1) 4 and (2) 5. The oxidizer control valve 6 is installed 
in the middle of piping that connects the oxidizer source to 
the oxidizer feeders (1) 4 and (2) 5. 

A steam feeder (1) 7 receives steam from a steam source 
5 (not shown) and distributes the steam as uniformly as possible 
into the gas passage formed between the catalyst (1) 1 and the 
catalyst (2) 2 in the casing 14. The steam feeder (1) 7 is fitted 
to the casing 14. A steam feeder (2) 8 receives the steam from 
the steam source (not shown) and distributes the steam as uniformly 
10 as possible into the gas passage formed on the upstream side 
of the catalyst (2) 2 in the casing 14. The steam feeder (2) 8 
is fitted to the casing 14. A steam control valve 9 switches 
steam supplied from the steam source (not shown) to any one of 
the steam feeders (1)7 and (2)8. The steam control valve 9 is 
Jr|5 installed in the middle of piping that connects the steam source 
to the steam feeders (1)7 and (2)8. 

A controller 10 is connected to the oxidizer control valve 
6 and steam control valve 9 through signal lines, to separately 
= : " control the valves 6 and 9. 

''-4.0 A control operation of the fuel reforming apparatus 

-- according to the first embodiment will be explained with reference 
111 to Fig. 2. 

|jf In response to an external start signal or acceleration 

;=Hj signal, the control flow starts. 
i==25 A. Accelerating operation 

Step S10 corresponds to a startup operation or an 
accelerating operation (transient operation) under increasing 
load. The controller 10 sends a switching signal to the oxidizer 
control valve 6 so as to connect the oxidizer source to the oxidizer 
30 feeder (2) 5. At the same time, the controller 10 issues a 
switching signal to the steam control valve 9 so as to connect 
the steam source to the steam feeder (1) 7. 

As a result, adjusted quantities of hydrocarbon fuel, 
oxidizer, and steam are supplied to the fuel reforming apparatus . 
35 Due to the hydrocarbon fuel and oxidizer supplied from the upstream 
side, the catalyst (2) 2 starts an oxidation reaction (partial) 
to rapidly generate heat to increase the temperature of the 
catalyst (2) 2. This oxidation react ion generates a gas that heats 
the downstream catalyst (1) 1. Due to carbon monoxide produced 
40 by the oxidation reacti on on the catalyst (2) 2 and the steam 
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supplied from the upstream side, the catalyst (1) 1 starts a shift 
reaction to heat the catalyst (1) 1 itself. This shift reaction 
on the catalyst (1) 1 purifies the carbon monoxide generated by 
the catalyst (2) 2 into carbon dioxide and hydrogen. 
5 Step S20 determines whether or not a predetermined time 

x has passed under the state of step S10 . If the time t has passed, 
step S30 is carried out, and if not, the state of step S10 is 
continued. The time x is determined to sufficiently bring the 
temperature of the catalyst (1) 1 to a threshold temperature Tc 
10 at which the catalyst (1) 1 stably achieves a steam reforming 
reaction and partial oxidation reaction. 
B. Steady operation 

In step S30, the controller 10 issues a switching signal 
to the oxidizer control valve 6 so as to connect the oxidizer 
3-5 source to the oxidizer feeder (1)4. At the same time, the 
ffl controller 10 provides a switching signal to the steam control 
valve 9 so as to connect the steam source to the steam feeder (2) 
8. 

Due to the hydrocarbon fuel and steam supplied from the 
"20 upstream side, the catalyst (2 ) 2 starts a steam reforming reaction, 
which is an endothermic reaction to decrease the temperature 
of the catalyst (2) 2 and stop all reactions on the catalyst (2) 
2. As a result, the hydrocarbon fuel and steam supplied from 
the upstream side of the catalyst (2) 2 pass through the catalyst (2) 
«*2 5 2 without reactions and reach the catalyst (1) 1. Due to the 
hydrocarbon fuel and steam passed through the catalyst (2) 2 and 
the oxidizer supplied from the upstream side, the catalyst (1) 
1 promotes a steam reforming reaction and partial oxidation 
reaction to generate a hydrogen-rich reformed gas. This 

30 completes a series of processes. 

Figures 3A to 3C show temporal changes in the supply of 
oxidizer and steam and temporal changes in the temperatures of 
the catalysts (1) and (2) in the fuel reforming apparatus of 
the first embodiment. In Fig. 3A, "ON" is an oxidizer or steam 

35 source connected state and "OFF" a source disconnected state. 
The fuel reforming apparatus of the first embodiment quickly 
promotes an oxidation reaction (partial) on the catalyst (2) to 
speedily heat the catalyst (1) . Generated carbon monoxide reacts 
with steam on the catalyst (1) to start a shift reaction. 

40 Consequently, the first embodiment reduces a startup time, 
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minimizes the poisoning of a fuel cell arranged on the downstream 
side of the fuel reforming apparatus, and suppresses the 
generation of by-products that deteriorate the quality of 
emissions . 
5 Second embodiment 

Figure 4 is a sectional view showing a fuel reforming 
apparatus according to the second embodiment of the present 
invention. The structure of the second embodiment is basically 
the same as that of the first embodiment and differs therefrom 

10 in that a temperaturemeasuringunit 11 is connected to a controller 
10 and a temperature sensor 11a is fitted to a reactor casing 
14 in the vicinity of a catalyst (1) 1, to measure a temperature 
around the catalyst (1) 1. Data measured by the temperature 
measuring unit 11 is sent to the controller 10. 

A control operation of the fuel reforming apparatus of 
the second embodiment will be explained with reference to Fig. 
5. The control operation of the second embodiment is basically 
the same as that of the first embodiment of Fig. 2, and therefore, 
only the difference of the second embodiment from the first 

20 embodiment will be explained. 

Step S20' uses a signal from the temperature measuring 
unit 11 to determine whether or not a temperature around the 
catalyst (1) 1 has reached to a predetermined temperature T. If 
it has reached the value T, step S30 is carried out, and if not, 

25 the state of step S10 is maintained. The temperature T is based 
on a threshold temperature Tc at which the catalyst (1) 1 stably 
achieves a steam reforming reaction and partial oxidation 
reaction. During an accelerating operation, the temperature of 
the catalyst (1) 1 transiently changes, and therefore, it is 

30 possible to estimate the temperature of the catalyst (1) 1 
according to temporal changes in temperatures around the 
catalyst (1) 1, to correctly determine the timing of switching 
to a steady operation. It is also possible to check the threshold 
temperature Tc based on temperature data measured at different 

35 locations, which will be explained later. 

Figures 6A to 6C show temporal changes in the supply of 
oxidizer and steam and temporal changes in the temperatures of 
the catalysts (1) and (2) in the fuel reforming apparatus of 
the second embodiment. In Fig. 6A, a status being connected to 

4 0. a corresponding material source is depicted as "ON", and 



disconnected thereto as "OFF". The fuel reforming apparatus of 
the second embodiment uses a temperature measured in the vicinity 
of the catalyst (1) as a parameter to determine whether or not 
a steady operation must be started. In addition to the effect 
5 of the first embodiment, the second embodiment further shortens 
a startup time and smoothly changes a startup operation or an 
accelerating operation to a steady operation while suppressing 
the generation of by-products. 
Third embodiment 

10 Figure 7 is a sectional view showing a fuel reforming 

apparatus according to the third embodiment of the present 
invention. The structure of the third embodiment is basically 
the same as that of the second embodiment of Fig. 4 and differs 
therefrom in that a temperature sensor 11a is fitted to a reactor 
ijl5 casing 14 at a position in a gas passage defined in the casing 
14 on the upstream side of a catalyst (1) 1, to detect a gas 
temperature on the upstream side of the catalyst (1) 1. The 
temperature sensor 11a is connected to a temperature measuring 
M unit 11, which sends temperature data to a controller 10. 
-20 A control operation of the third embodiment is basically 

the same as that of the second embodiment. In addition to the 
J1 operation and effect of the second embodiment, the third 
embodiment directly measures the temperature of a gas sent from 
a catalyst (2) 2, to speedily determine the timing of changing 
«£5 a startup operation or an accelerating operation to a steady 
operation, thereby further reducing a startup time. 
Fourth embodiment 

Figure 8 is a sectional view showing a fuel reforming 
apparatus according to the fourth embodiment of the present 
30 invention. The structure of the fourth embodiment is basically 
the same as that of the second embodiment of Fig. 4 and differs 
therefrom in that a temperature sensor 11a is inserted into a 
catalyst (1) 1 and is fitted to a reactor casing 14, to detect 
an inside temperature of the catalyst (1) 1. The temperature 
35 sensor 11a is connected to a temperature measuring unit 11, which 
sends temperature data to a controller 10. 

A control operation of the fourth embodiment is basically 
the same as that of the second embodiment. In addition to the 
operation and effect of the second embodiment, the fourth 
4 0 embodiment directly detects an internal temperature of the 



catalyst (1) 1, to surely change a startup operation or an 
accelerating operating to a steady operation without extinction. 
Fifth embodiment 

Figure 9 is a sectional view showing a fuel reforming 
5 apparatus according to the fifth embodiment of the present 
invention. The structure of the fifth embodiment is basically 
the same as that of the second embodiment of Fig. 4 and differs 
therefrom in that a temperature sensor 11a is fitted to a reactor 
casing 14 at a position in a gas passage defined in the casing 

10 14 on the downst ream side of a catalyst (1) 1, to detect a gas 
temperature on the downst ream side of the catalyst (1) 1. The 
temperature sensor 11a is connected to a temperature measuring 
unit 11, which sends temperature data to a controller 10. 

A control operation of the fifth embodiment is basically 

"3j5 the same as that of the second embodiment. In addition to the 
operation and effect of the second embodiment, the fifth 
embodiment measures a gas temperature on the downstream side 
of the catalyst (1) 1. Since the downstream side temperature is 
relatively low, the temperature sensor 11a and temperature 

-£?0 measuring unit 11 of the fifth embodiment may extend durability 

i=! and inexpensive to reduce costs. 
Sixth embodiment 

Figure 10 is a sectional view showing a fuel reforming 
apparatus according to the sixth embodiment of the present 

=25 invention. The structure of the sixth embodiment is basically 
the same as that of the first embodiment of Fig. 1 and differs 
therefrom in that the sixth embodiment employs a material 
feeder (1) 12 and a material feeder (2 ) 13 . The material feeder (1) 
12 is fitted to a reactor casing 14, to receive an oxidizer from 

30 an oxidizer source (not shown) , or steam from a steam source 
(not shown) and distribute the received material as uniformly 
as possible into a passage defined in the casing 14 between a 
catalyst (1) 1 and a catalyst (2) 2. The material feeder (2) 13 
is fitted to the casing 14, to receive one of the oxidizer from 

35 the oxidizer source and the steam from the steam source and 
distribute the received material as uniformly as possible into 
a passage defined in the casing 14 on the upstream side of the 
catalyst (2) 2. 

A control operation of the fuel reforming apparatus of 

4 0 the sixth embodiment will be explained with reference to Fig. 
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11. This operation is basically the same as that of the first 
embodiment of Fig. 2, and therefore, only the difference of the 
sixth embodiment from the first embodiment will be explained. 

A. Accelerating operation 

5 In step S10, a controller 10 issues a signal to an oxidizer 

control valve 6 to connect the oxidizer source to the material 
feeder(2) 13. At the same time, the controller 10 issues a signal 
so as to a steam control valve 9 to connect the steam source 
to the material feeder (1) 12. As a result, adjusted quantities 
10 of hydrocarbon fuel, oxidizer, and steam are supplied to the 
fuel reforming apparatus. Due to the hydrocarbon fuel and 
oxidizer supplied from the upstream side, the catalyst (2 ) 2 starts 
an oxidation reaction (partial) to rapidly generate heat to 
increase the temperature of the catalyst (2) 2. This oxidation 
%5 reaction produces a gas that heats the downstream catalyst (1) 
°0 1 . At the same time, due to carbon monoxide produced by the 
-j oxidation reaction on the catalyst (2) 2 and the steam supplied 
from the upstream side, the catalyst (1) 1 starts a shift reaction 
jj to heat the catalyst (1) 1 itself. This shift reaction on the 
20 catalyst (1) 1 purifies the carbon monoxide generated by the 
^ catalyst (2) 2 into carbon dioxide and hydrogen. 

Step S20 determines whether or not a predetermined time 
x has passed under the state of step S10 . If the time x has passed, 
step S30 is carried out, and if not, the state of step S10 is 
25 continued. 

B. Steady operation 

InstepS30, the controller 10 issues a signal to the oxidizer 
control valve 6 to connect the oxidizer source to the material 
feeder (1) 12. At the same time, the controller 10 issues a signal 

30 to the steam control valve 9 so as to connect the steam source 
to the material feeder (2) 13. Due to the hydrocarbon fuel and 
steam supplied from the upstream side, the catalyst (2) 2 starts 
a steam reforming reaction, which is an endothermic reaction 
to decrease the temperature of the catalyst (2) 2 and stop all 

35 reactions on the catalyst (2) 2. As a result, the hydrocarbon 
fuel and steam supplied from the upstream side of the catalyst (2) 
2 pass through the catalyst (2) 2 without reactions and reach 
the catalyst (1) 1. 

Due to the hydrocarbon fuel and steam passed through the 

40 catalyst (2) 2 and the oxidizer supplied from the upstream side, 
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the catalyst (1) 1 promotes a steam reforming reaction and partial- 
oxidation reaction to generate a hydrogen-rich reformed gas. 
This completes a series of processes. 

Figures 12A to 12C show temporal changes in the supply 
5 of oxidizer and steam and temporal changes in the temperatures 
of the catalysts (1) and (2) in the fuel reforming apparatus 
of the sixth embodiment. In Fig. 12 A, "ONI" is an oxidizer source 
connected state, "0N2" a steam source connected state, and "OFF" 
a source disconnected state. In this way, the sixth embodiment 
10 integrates the oxidizer feeder (1)4 and steam feeder (1)7 of the 
first embodiment into the material feeder (1 ) 12, and the oxidizer 
feeder (2) 5 and steam feeder (2) 8 of the first embodiment into 
the material feeder {2 ) 13 . As a result, the sixth embodiment not 
only realizes the operation and effect of the first embodiment 

"13.5 but also reduces and simplifies the structure of the fuel reforming 

X apparatus. 

The timing of changing the accelerating operation (or a 

: . startup operation) to the steady operation is determined 
according to whether or not the temperature of the catalyst (1) 

=-20 1 has reached a threshold temperature Tc at which the catalyst (1) 
1 stably achieves a steam reforming reaction and partial oxidation 

i?l reaction. Instead of the configuration that checks the 

;- predetermined time x to switch the oxidizer control valve 6 and 
steam control valve 9, the sixth embodiment may employ the 

|=,25 temperature sensor 11a and temperature measuring unit 11 of any 
one of the second to fifth embodiments, to measure the temperature 
of a specified location and switch the control valves 6 and 9 
if the measured temperature has reached a set value. 

The entire content of a Japanese Patent Applications No. 

30 2000-165098, filed on June 1, 2000 is hereby incorporated by 
reference. Although the invention has been described above by 
reference to certain embodiments of the invention, the invention 
is not limited to the embodiments described above . Modifications 
and variations of the embodiments described above will occur 

35 to those skilled in the art, in light of the teachings . The scope 
of the invention is defined with reference to the following claims . 



